Abstract Asteroids are the most important small bodies in the solar system and the near-earth asteroids (NEAs) are of especial concern to the world. The reason is that they will make close approaches to the earth in the near future. We use a reasonable dynamical model and an efficient computing method to calculate the orbits of over 160 Potentially Hazardous Asteroids (PHAs) for two centuries.
INTRODUCTION
Near-earth asteroids (NEAs) can move very near the earth or intrude into the earth orbit, hence they are of particular concern to the world. Even more so are the so-called Potentially Hazardous Asteroids (PHAs). PHAs (JPL, http://neo.jpl.nasa.gov/neo/pha.html) are currently defined by parameters that measure the asteroid's potential of making threateningly close approaches to the earth. Specifically, all asteroids with an earth Minimum Orbit Intersection Distance (MOID) of 0.05 AU or less and an absolute V-magnitude (H) of 22.0 or brighter are considered as PHAs. We should carefully watch and track these unexpected and dangerous "earth visitors", keeping a detailed record of their close-approaching status, such as the MOID and the encounter time. A lot of research work has been done in this field in recent years: Minor Planet Center (MPC, http://cfa-www.harvard.edu/iau/mpc.html) maintains the daily list of PHAs; Chesley et al. (Chesley & Milani 1999) have contributed an online website of NEODyS to provide asteroid information; Bowell et al. (Bowell 1999;  http://www.lowell.edu/users/elgb/current moid.html) have also presented asteroid ephemerides services via their website, etc. Another important motivation that drives us to the present work is that late last year a group of Hawaiian astronomers announced that an asteroid (2000 SG344) will collide with the earth in 2030, but one day later they corrected their statement and that the E-mail: jijh@pmo.ac.cn impact possibility would be down to a little more than one in thousand in 2071. Consequently, in this paper, after an introduction we shall report on our computation of 160 PHAs' orbits and show their encounter status during a period of two centuries.
As far as the tracking and observing of PHAs is concerned, many space-watching programs, such as LINEAR, NEAT, SPACEWATCH etc., have been set up; in addition, the project of 1.0 m/1.2 m Schmidt telescope in search of NEOs, sponsored by Purple Mountain Observatory of Chinese Academy of Sciences will be completed in 2002. International collaboration is so important to provide the new observations by monitoring PHAs in time, so that PHAs' orbits can be better determined and their future earth-impact threat will be well predicted.
This paper is organized as follows: Section 2 describes the dynamical model in the computation; Section 3 introduces the computation method we adopted; Section 4 presents our results and a brief discussion.
DYNAMICAL MODEL
In the dynamical model, the eleven large bodies are the sun, the nine major planets from Mercury to Pluto and the moon. In addition, the three biggest asteroids (the "Big 3", i.e., Ceres, Pallas and Vesta) in the main belt are also taken into account. As several NEAs such as (1566) Icarus can move so close to the sun, the relativity effect is also considered in the model. The orbits of the major planets, the moon and the Big 3 are calculated as well as the NEA's. In the heliocentric ecliptic coordinate system referred to J2000.0, the equations of motion can be uniformly written as¨
where r i , r j denote position vectors of the major planets (i = 1 ∼ 9), the moon (i = 10), the Big3 (i = 11 ∼ 13) and the NEA (i = 14), with ∆ ji = r i − r j , µ i and µ j are these bodies' masses with respect to the sun. The mass of the NEA can be neglected, so in the right-sided expression of Equation (1) It is worth noting that in the above model the perturbation of the moon is well separated from that of the earth. The reason is very obvious: when an asteroid comes near the earth, it will also come near the moon, necessitating a more detailed evaluation of the gravitational perturbation of the moon.
We take the initial elements of all the asteroids from the asteroid orbital elements database given by Bowell (Bowell, ftp://ftp.lowell.edu/pub/elgb/astorb.dat.gz) on Dec. 22, 2000. The starting positions and velocities of the planets and moon, as well as their masses, come from the JPL planetary and Lunar Ephemerides DE405/LE405, in which the slight difference between ICRF and J2000.0 is neglected.
COMPUTATIONAL METHOD
For the qualitative study of asteroid orbits, the symplectic algorithm (Feng 1984 (Feng , 1986 Forest et al. 1990; Wisdom et al. 1991) , which has many advantages such as holding the symplectic structure of the Hamiltonian system, is preferably used in the dynamical evolution of the asteroids. Liu et al. (Liu 1998 (Liu , 1999a (Liu , 1999b have come to the conclusion that the algorithm is fairly efficient and the computations are credible as long as the asteroid does not move too close to some of the major planets. However, when the asteroid is close to one or several major planets, the stepsize has to be frequently changed in the course of the integration because of the accumulating gravitation, then the merit of the symplectic algorithm is completely lost and it becomes not as good as the automated stepsize-adjusted non-symplectic algorithm, such as the RKF7 (8) integrator (Fehlberg 1968) , RADAU integrator (Everhart 1985) and Bulirsch-Stoer (Stoer & Bulirsch 1980) integrator.
As for the numerical method, though it is convenient to change the stepsize by using variable-stepsize integrators, yet the orbital period of the moon is so short with respect to those of the planets and other asteroids, that the total integration stepsize cannot but be kept smaller, which will lead to loss of computational efficiency. However, we have got a solution of the problem, that is, in the integration the geocentric orbital elements of the moon are adopted as the integration variables, which are further transformed into heliocentric positions and velocities with the help of the heliocentric vector of the earth (Ji & Liu 2000) , while for the other bodies we still use the position and velocity vectors. Using this method the stepsize in the integration can be adjusted to much larger values, so greatly improving the computational efficiency.
RESULTS AND DISCUSSIONS
All of the numerical integration was carried out on Alpha workstations. The results are given for 100 years for the limited size of this paper, but the full results are available. In Table  1 the name (and the number) of the asteroids, the encountering time and the MOID (less than 0.05 AU) are listed, sorted by the distances. And we have also compared our results with those of MPC, and found most of them are in good agreement; but the dynamical model in this paper is based on more detailed considerations. We can draw the conclusion that the dynamical model is reasonable for the computation of close approaches of the PHAs and that the algorithm used is effective. 
